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ABSTRACT
In this work, we revisit the size-luminosity relation of the extended narrow line regions
(ENLRs) using a large sample of nearby active galactic nuclei (AGN) from the Map-
ping Nearby Galaxies at Apache Point Observatory (MaNGA) survey. The ENLRs
ionized by the AGN are identified through the spatially resolved BPT diagram, which
results in a sample of 152 AGN. By combining our AGN with the literature high-
luminosity quasars, we found a tight log-linear relation between the size of the ENLR
and the AGN [O III]λ5007A˚ luminosity over four orders of magnitude of the [O III]
luminosity. The slope of this relation is 0.42 ± 0.02 which can be explained in terms
of a distribution of clouds photoionized by the AGN. This relation also indicates the
AGN have the potential to ionize and heat the gas clouds at a large distance from the
nuclei without the aids of outflows and jets for the low-luminosity Seyferts. †
Key words: galaxies: ISM, galaxies: nuclei, galaxies: Seyfert, galaxies: statistics
1 INTRODUCTION
It is now generally believed that the super-massive black
holes at the centers of galaxies co-evolve with their hosts
(Hopkins et al. 2006; Ho 2008; Fabian 2012; Kormendy & Ho
2013; Heckman & Best 2014). An AGN can exert feedbacks
on its host galaxy and impact its growth and evolution. This
can occur via radiative processes, in which energetic photons
from the AGN photoionize and heat gas in the galaxy, or via
mechanical processes such as outflows and jets (Osterbrock
& Ferland 2006; King & Pounds 2015). Understanding the
nature of the feedback is important for improving our knowl-
edge of galaxy formation and evolution.
Based on the unified model of Antonucci (1993), the
narrow line region (NLR) is an important and ubiquitous
? Email: yong@nju.edu.cn
† The code used for this paper is available online https://
github.com/cjhang/ENLR
component of AGN. It occurs in a bi-cone away from the
obscuring torus, in which the central source illuminates
the gas of the host galaxy. In NLRs, the gas density de-
rived from emission line ratios like [S II]λ6716/λ6731A˚ and
[O II]λ3729/λ3726A˚ is sufficiently low (between 102 and 103
cm−3) that its emission is dominated by the forbidden-line
transitions; the gas temperature calculated from the ratio of
[O III](λ4959 + λ5007)/λ4363A˚ is around the photoioniza-
tion balance temperature of 104K; the ionization parameter
defined as the ratio between the photon density and the elec-
tron density has been mostly set as U ∼ 0.01 with only 0.5
dex of variation in observations (Bradley et al. 2004; Nes-
vadba et al. 2008; Osterbrock & Ferland 2006). The size of
a NLR is first thought to be sub-kpc scales, but further ob-
servations using narrow band images and long-slit spectra
revealed some extended ionized nebulae up to several kpc
or even tens of kpc in some galaxies (Heckman et al. 1981;
McCarthy et al. 1987; Keel et al. 2012; Liu et al. 2013; Obied
et al. 2016). These extended nebulae are called the “ex-
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tended emission line regions” (EELRs) if they are formed by
stellar processes, or “extended narrow line regions”(ENLRs)
if they are mainly produced by the AGN activity, but the
two terms are sometimes mixed in use (Stockton & MacK-
enty 1987; Unger et al. 1987; Husemann et al. 2013). The
ENLR got its name from luminous radio galaxies (Unger
et al. 1987) and its formation was thought to be the inter-
action between the jet and its ambient gas (Heckman et al.
1981; Boroson et al. 1985; Stockton & MacKenty 1987; Fu &
Stockton 2009). But further studies have found that many
Serfert galaxies also show similar ENLRs (Bennert et al.
2002; Schmitt et al. 2003a,b).
Theoretically, many models have been proposed to ex-
plain the formation of (E)NLR. The standard photoioniza-
tion models assume a set of constant density clouds ionized
by a power-law or broken power-law ionizing source (Os-
terbrock & Ferland 2006), and shock excitation is added
for some ENLRs associated with jets (Dopita & Suther-
land 1995, 1996; Solo´rzano-In˜arrea et al. 2001). However,
the standard photon-ionization models have several prob-
lems. The observed strong coronal lines in some Seyfert
galaxies cannot be produced in these models (Dopita et al.
2002; Groves et al. 2004a), and the relationship between the
ENLR size and the AGN luminosity has a slope that differs
from the predicted value of 0.5 (Schmitt et al. 2003b; Netzer
et al. 2004). More recent ENLR models replace the constant
density with multicomponent gas densities or include the
dust contribution (Dopita et al. 2002; Groves et al. 2004a,b;
Dempsey & Zakamska 2018) which produce different slopes
of the size-luminosity relation. A better constraint on the
slope from the observation is required to distinguish differ-
ent models.
However, the derived slopes are far from consistent with
each other in observations. The observation done by Ben-
nert et al. (2002) found RNLR ∼ L0.52±0.06[O III] that is close
to the prediction of the standard photon-ionization model,
while Schmitt et al. (2003b) found a much flatter relation
with a slope ∼ 0.33. Since then, many works have revis-
ited this relation with new observations (Greene et al. 2011;
Hainline et al. 2013; Liu et al. 2014; Husemann et al. 2014;
Bae et al. 2017; Sun et al. 2018; Fischer et al. 2018), but
their derived slopes range from 0.23 to 0.52. The difference
may be attributed to their different definitions of the ENLR
size, different proxies of the AGN luminosity or different
sensitivities. Additionally, most of these works focused on
the high-luminosity AGN with a relatively small dynamic
range in the AGN luminosity, which limits the accuracy of
the derived slope. The advent of integral field unit (IFU)
spectroscopy, especially the massive IFU surveys like SDSS-
IV/MaNGA (Bundy et al. 2015), offers a new opportunity to
measure the size-luminosity relation of ENLRs with a much
larger and uniform sample. The spatially resolved spectra
also enable us to identify the ENLR by the emission line di-
agnostics, which is an effective way to isolate the ENLR for
low-luminosity AGN. With the large sample available, we
can get a better constraint on the slope of size-luminosity
relationship of ENLRs in a large dynamic range of AGN lu-
minosity, which can be helpful to answer the formation of
ENLRs and to understand the feedback of AGN.
The paper is organized as follows. In section 2, we de-
scribe the basic information of MaNGA and sample selec-
tion. The methods used to measure the strength of AGN
and determine the size of ENLR are described in section 3.
The size-luminosity relation of ENLR is described in sec-
tion 4. Models and possible mechanisms that contribute to
the extension of ENLR are discussed in section 5. Finally,
we summarize our work in section 6. A flat ΛCDM cos-
mology with ΩΛ=0.7, ΩM=0.3 and H0 = 70 km s
−1Mpc−1
is assumed throughout this work.
2 DATA
2.1 MaNGA overview
As one of the three major programs of Sloan Digital Sky
Survey IV (SDSS-IV), MaNGA (Bundy et al. 2015; Blan-
ton et al. 2017) uses the 2.5 m Sloan Foundation Telescope
(Gunn et al. 2006), aiming at obtaining IFU observations of
over 10,000 nearby galaxies from 2014 to 2020 (Law et al.
2015; Drory et al. 2015; Yan et al. 2016a,b). Currently, more
than half of the sample has been observed, including 6430
unique targets, some of them have been published as Data
Release 15 (DR15) of SDSS-IV (Aguado et al. 2019). All
the analyses in this work are based on the eighth internal
MaNGA Product Launches (MPL-8).
Each target of MaNGA was observed with one of the
specially designed hexagonal bundles ranging from 19 to 127
fibers (Drory et al. 2015), and the spectra were fed to the two
BOSS spectrographs with an overall wavelength coverage
from 3600 to 10,300A˚ (Smee et al. 2013). The typical seeing
of Apache Point Observatory is 1.5′′, but the final spatial
resolution of MaNGA is about 2.5′′ including the smearing
from telescope and instruments, which corresponds to 1-2
kpc at the redshift range of 0.01 < z < 0.15 (Wake et al.
2017). For the spatial coverage of the bundles, about 30%
of the sample has uniform coverage larger than 2.5 effec-
tive radii (Re, the radius containing 50% of the light of the
galaxy) and the rest has at least 1.5 Re. All the data have
been reduced by the Data Reduction Pipeline (DRP) (Law
et al. 2016) and analyzed by the Data Analysis Pipeline
(DAP) (Westfall et al. 2019). Both the software and data
are available in the public release (Aguado et al. 2019). All
those features make MaNGA the ideal sample for selecting
the AGN with extended narrow line regions in nearby uni-
verse.
2.2 Sample selection
The most standard way to select the AGN in the op-
tical bands is through the well known BPT diagram
(Baldwin et al. 1981; Kauffmann et al. 2003; Ho 2008).
It uses the emission line ratios log[O III]λ5007/Hβ vs
log[N II]λ6583/Hα or log[S II]λλ6717, 31/Hα to classify the
galaxies as Seyferts, LINERs, star-forming and composite
galaxies based on their dominant ionization mechanisms
(Baldwin et al. 1981; Kewley et al. 2001; Kauffmann et al.
2003; Kewley et al. 2006). We mainly focused on the [N II]-
based BPT diagram, which gives a better separation be-
tween the AGN and H II region (Belfiore et al. 2016), but
using the [S II]-based BPT diagram does not affect the main
results.
Our sample selection method is adapted from Cid Fer-
nandes et al. (2010) and Rembold et al. (2017). We first
MNRAS 000, 1–?? (2019)
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Figure 1. Five example galaxies observed by different bundles of MaNGA. Their fiber numbers are 19, 37, 61, 91, 127 from top to
bottom. The bundle edges are indicated by the magenta hexagon in the SDSS RGB images and the grey shaded region in maps. In the
second column, we take each spaxel of the galaxy and plot it on the BPT diagram, using the same separation curves as in Fig. 1. These
spaxels and their classifications are shown in projection in the third column, We are most interested in spaxels above the Ke01 line, in
which the spectra are dominated by AGN activity (Kewley et al. 2001, 2006). The purple circles in the center of each plot in the third
column depict the FWHM of the PSF in the g-band. The fourth column are the surface brightness maps of [O III] after attenuation
correction, the contours show the value of the surface brightness in units of 10−16erg s−1cm−2arcsec−2. The last column depicts the
maps of EW(Hα) in angstrom.
plotted each spaxel within the central radius of 3′′ of each
MaNGA target on the BPT diagram, and then selected those
galaxies with more than 2/3 spaxels classified as AGN. For
each galaxy, we only used the spaxels with at least 3 σ de-
tection of all the emission lines needed for the BPT diagram.
Additionally, we required the equivalent width (EW) of Hα
to be larger than 3A˚ in order to reduce the contaminations
from the diffused ionized gas (DIG) (Cid Fernandes et al.
2010; Lacerda et al. 2018) (also see some discussion in Zhang
et al. (2017)). Fig. 1 illustrates five AGN examples along
with the BPT maps and EW of Hα maps. Besides DIG,
Belfiore et al. (2016) also suggested the central and extended
low-ionization regions (LIERs) are more likely to be ionized
by diffused stellar sources. Based on their classification, sev-
eral of our LINER-like AGN belong to the cLIER (central
LIER), but since their EW(Hα) are larger than 3A˚ and un-
likely contaminated by stellar radiation, we still included
them in our sample. With this method, after removing 16
close merging pairs, we finally found 152 AGN candidates
from MPL-8. All the candidates are shown in Fig. 2 and
listed in Tab. 1. Both type-I and type-II AGN are selected,
but the majority of them are type-II Seyferts. Their aver-
age uncorrected [O III]λ5007A˚ (hereafter [O III]) luminosity
is about 1040.5erg s−1, who mostly belong to low-luminosity
Seyferts.
3 METHODS
3.1 Spectrum fitting
The DAP products of MaNGA already provide the full spec-
trum fitting for each galaxy. The technical details of their
“hybrid” approach can be found in Westfall et al. (2019). In
brief, three fitting iterations are applied to get the emission
lines of each spaxel. For the first iteration, the continuum is
binned to reach a global g-band S/N of 10 to get the binned
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Figure 2. All the AGN candidates selected from MaNGA MPL-
8. All the line ratios derived from the median ratio of each galaxy
in their central region(within the radius of 3′′). Light grey circles
(background) show all the MPL-8 galaxies and color coded circles
are our selected galaxies with their colors standing for the median
EW(Hα) of the central region as before. The solid orange line is
the empirical line (Ka03) which separates the star-forming galax-
ies and the composite (Kauffmann et al. 2003), the blue dashed
line (Ke01) is the maximum ionizing boundary of star-forming
activity (Kewley et al. 2001) and the red dot-dashed line is the
S07 line (Schawinski et al. 2007) which is an empirical separation
between Seyferts and LINERs. We did not distinguish between
Seyfert and LINER in thiis work, but most of our galaxies are
Seyferts according to this line.
stellar kinematics. For the second iteration, the stellar kine-
matics are kept fixed to model the continuum and emission
lines simultaneously in each spaxel. All the emission lines are
also modeled with the same kinematics to provide the initial
starting guess for the next iteration. Finally, the velocity dis-
persions of different emission lines are fitted independently
but the velocities are constrained to be the same in each
spaxel. This fitting results are given in the publicly released
products of DR15 (Belfiore et al. 2019).
For the AGN candidates we are interested in, the emis-
sion lines generally cannot be modeled well with the single
Gaussian profiles used in DR15. We thus fitted the emis-
sion lines by adding additional broad components to the Hα
and Hβ lines with velocity dispersions larger than 800 km/s
to represent the possible signals from broad line regions.
To trace possible strong outflow from our AGN, a broad
component with velocity dispersions larger than 600 km/s
is added to the [O III] doublet during the fitting (Harrison
et al. 2014). An example of the full spectrum fitting with
broad emission lines is illustrated in Fig. 3. We only accepted
the additional broad component when the improvement in
the fitting is statistically significant at the 3σ level and pass
the F-test.
3.2 The AGN bolometric luminosity
The luminosity of [O III] is often used as a proxy for the
AGN bolometric luminosity (Heckman et al. 2004; Kauff-
mann & Heckman 2009; Heckman & Best 2014). It has been
widely used to study the properties of the ENLRs (Huse-
mann et al. 2008, 2014; Sun et al. 2018). To remove star-
formation contamination to the AGN [O III] luminosity, we
only integrated the emission of AGN-dominated spaxels as
identified by the BPT as the total AGN [O III] luminosity.
This process is illustrated in the second and third columns
of Fig. 1, where the red spaxels of the IFU are dominated
by AGN ionization according to Ke01 line (Kewley et al.
2001). The most controversial spaxels are the ones between
the Ke01 and the Ka03 lines, which can either be produced
by shock excitation or the mixture of AGN and star for-
mation activities. But their contribution to the total [O III]
luminosity is small compared to that of the AGN regions,
so the [O III] from the composite region is treated as an
additional error of the overall [O III] luminosity.
The dust attenuation is corrected by the Balmer decre-
ment and the dust reddening curve of Calzetti (2001), with
a assumption of AV/E(B−V) = 3.1 and intrinsic Hα/Hβ
ratio of 3.1 (Kewley et al. 2006). The flux maps of Hα and
Hβ are rebinned by VorBin (Cappellari & Copin 2003) to
reach a global S/N of at least 10, and the sigma-clipping of
5 is applied to the derived E(B-V) maps to mask anomalous
values. All the remaining analyses are based on the dust
corrected [O III] maps.
3.3 The sizes of the extended narrow line regions
The size of ENLRs have been defined in different ways in the
literature. Bennert et al. (2002) and Schmitt et al. (2003b)
used the Hubble Space Telescope (HST) to obtain narrow
band images of [O III], and adopted the maximum 3σ de-
tected radius as the radius of the ENLR. This method is
subject to the instrumental sensitivity limit that could be
very different in different observations. Studies with long-
slit spectroscopic observations define the radius based on
isophote (Greene et al. 2011; Hainline et al. 2013, 2014),
or the distance at which the ionization state changes from
AGN to star-forming activities (Bennert et al. 2006a,b).
The long-slit based observations also have drawbacks: the
morphology of ENLR is sometimes irregular so that the de-
rived size depends on the orientation of slits (Greene et al.
2011; Husemann et al. 2013). We have compared the mea-
sured size based on the IFU and the mock long-slit ob-
servation in Fig. 4 following the method discussed below.
In most cases, long-slit observations tend to underestimate
the true size of ENLR. IFU spectroscopic data allow us to
use two-dimensional maps to define the sizes of ENLRs.
Common definitions include the radius of a specified [O III]
surface brightness isophote (Liu et al. 2013, 2014), or the
[O III] flux weighted radius (Husemann et al. 2013, 2014;
Bae et al. 2017). We followed the same method as Liu et al.
(2013) but chose a different threshold. The isophote thresh-
old of 10−15erg s−1cm−2arcsec−2 was used for quasars re-
lated studies. This is suitable for such bright objects but
are not as useful for fainter Syferts in the our sample as
it will leave a large number of AGN undetected. The typ-
ical 3 σ depth of the MaNGA observation in [O III] sur-
face brightness can reach 10−17erg s−1cm−2arcsec−2. For
our AGN sample, the majority of AGN spaxels have sur-
face brightnesses above 10−16erg s−1cm−2arcsec−2 which is
thus adopted in this work as the threshold to define the sizes
of the ENLRs (hereafter R16). If all spaxels are above this
threshold, we extrapolated the fitted [O III] surface bright-
ness profile to determine R16 (see Sec. 3.4 for more detail).
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Figure 3. Example of full spectrum fitting with broad emission lines. On the left, it is the SDSS image with fibers superimposed. On
the right, it is a spectrum extracted from one of the spaxels belong to the red fiber. The black line shows the observed flux in this spaxel,
with the sky lines masked by grey shaded area. The stellar continuum (red) is from DAP hybrid fitting results (Westfall et al. 2019) and
the total best fit (orange) is the stellar continuum pluses the fitted emission lines. The zoom-in panel in the right show the emission line
fitting results around [O III](the light blue shaded area), with the narrow components in blue and broad components in magenta. The
stellar continuum has been subtracted when we fit the emission lines.
It should be noted that the surface brightness can be af-
fected by cosmological dimming, which has a scale factor of
(1 + z)4 (Liu et al. 2013; Hainline et al. 2014). That is im-
portant for works trying to compare sample with different
redshift, especially for high redshift quasars.
3.4 Effects of PSF
The spatial properties of MaNGA galaxies are smeared by
the seeing from the atmosphere, the telescope and the instru-
ments. The final PSF of each band has been reconstructed
by the DRP (Law et al. 2016). To reduce the PSF effects, we
first derived the 1-D surface brightness profile of the [O III]
maps of AGN spaxels using the Ellipse fitting provided by
Astropy affiliated package photutils (The Astropy Collabo-
ration et al. 2018; Bradley et al. 2017). The profile is then
fitted by the Se´rsic light distribution:
ln I(r) = ln I0 − kr1/n, (1)
where the Se´rsic index n is kept in the range [0.5, 10] and k
in the range [0.01, 10].
Two ways are applied to fit each surface brightness pro-
file. In the first one, the profile is fitted with the Se´rsic profle
without the PSF, while in the second one, the profile is fitted
with the Se´rsic profile convolved with a Gaussian modeled
g-band PSF, where the FWHM of PSF is provided by the
DRP (Law et al. 2016). The fitting results of the first way
are taken as the observed profile and the results of second
way are regarded as the intrinsic profiles after correcting
the PSF. Examples illustrated in Fig. 5 show three surface
brightness profiles with different PSF. For the marginally
resolved profile (like the first one in Fig 5), its intrinsic pro-
file is severely affected by the PSF and the size differs nearly
50% compared with the observed one. While for those clearly
resolved profile (like the last one), its intrinsic and observed
profiles remain almost the same with only 6% difference. In
most cases, the size derived from the second way is used, but
if the fitting iterations of the second way end by reaching the
boundaries of parameters, it is labeled as unsuccessful and
the radius derived from the first way is used as the upper
limit. All the galaxies with failed fitting in the second way
are set as unresolved ENLRs in Tab. 1. If both ways failed,
15 galaxies, they are excluded from the later analysis. The
uncertainties of all the final radii are the standard deviations
calculated by 100 Monte Carlo simulations which randomly
adding Gaussian noise to the two dimensional flux map and
repeating all the steps mentioned above to re-calculate the
radii.
4 THE SIZE-LUMINOSITY RELATION OF
ENLR
All the derived data of our sample are summarized in Ta-
ble 1. Their sizes of ENLRs and luminosities are plot-
ted in Fig. 6 with 1σ error bars. We also included the
quasars data from Liu et al. (2013, 2014), which were ob-
tained by the IFU spectroscopic observations on the Gemini
telescope and had reached the surface brightness depth of
10−16erg s−1cm−2arcsec−2. It helps to extend our luminos-
ity range from 3 dex to 4 dex, which is important to con-
strain the slope of the size-luminosity relation. We applied
the same method on their derived surface brightness profiles
to get R16, but added an additional 20% uncertainty to ac-
count for possible errors introduced by the fitting processes.
For their [O III] luminosity, 20% error was added for the
type-II quasars (Liu et al. 2013) and 10% additional error
for type-I quasars (Liu et al. 2014) to account for the errors
caused by dust extinction. Law et al. (2018) also provided
the R16 of their seven IFU observed faint AGN at z ∼ 2,
but it needs the extrapolation to our threshold. The robust
error is hard to estimate for their data, so we did not in-
clude them in the final fitting. In addition, we also included
many other results based on long-slit spectra for compari-
son. Like the quasars from Greene et al. (2011) and Seyferts
from Fraquelli et al. (2003); Bennert et al. (2006a,b). All
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Figure 4. Comparing size measurements based on IFU and mock long-slit observations. Two directions of the long-slit are applied, one
aligned with the major axis (left) and the other with the minor axis (right) of the galaxies. The X axis is the ratio between two size at
the surface brightness of 10−16erg s−1cm−2arcsec−2.
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Figure 5. The effects of PSF on the distribution of [O III] surface brightness profile. The first two columns are the same as Fig. 1. The
third column also shows the flux map of [O III] as in Fig. 1, but with the fitted isophotes overlaid. The last two columns show the two
steps for surface brightness fitting. The black dots are the mean surface brightness of each isophote overlaid on the [O III] map. The blue
solid lines are the fitted Se´rsic profile, the black dashed line shows the Gaussian modeled PSF of g-band and the orange solid lines show
the PSF-corrected surface brightness profile. The red dot-dashed lines are the threshold of surface brightness 10−16erg s−1cm−2arcsec−2.
The surface brightness profile of the first target is significantly altered by the PSF, while the third one is almost immune from the PSF.
Their size difference between the two fitting at 10−16erg s−1cm−2arcsec−2 is 49%, 19% and 6%.
their R16 are extrapolated from their power-law fitting re-
sults. Based on all the valid IFU observations, a log-linear
fit is derived by using the Bayesian method of Kelly (2007).
The best-fit solution we have obtained is:
log
(
R
pc
)
= (0.42±0.02) log
(
L[O III]
erg s−1
)
−(13.97±0.95) (2)
It is shown in Fig. 6 with 95% confidence interval. The slope
derived by our data alone is 0.49±0.04 shown as the dotted
line in Fig. 6. This is steeper than some previous studies
(Schmitt et al. 2003a; Greene et al. 2011; Liu et al. 2014;
Hainline et al. 2014), and more close to 0.5 (Bennert et al.
2002). Since most of the previous results were based on small
samples that are limited in the luminosity range, our results
should be a better constraint.
Hainline et al. (2014) and Liu et al. (2014) argued that
their flattened slope might due to the non-linear relation
between the L[O III] and Lbol. After replacing the L[O III] with
L8µm, a slope near 0.44 could be obtained. In order to check
the relation between R16 with L8µm based on our sample, we
cross matched MaNGA with Wide Field Infrared Explorer
(WISE) catalog (Wright et al. 2010) and interpolated the
L8µm based on photometry at 4.6 µm and 12 µm. As shown
in Fig. 7, the overall slope is 0.36±0.03 if including the data
from Liu et al. (2013, 2014) and the slope changes to 0.37±
0.05 if only our data are used. We caution the reliability
of the results based on the IR luminosity, as a significant
contribution from star formation is expected to contaminate
the L8µm for our Seyferts. Although the SED fitting can be
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Figure 6. The overall relation between the size of ENLR and luminosity of [O III]. R16 is the ENLR size at a surface brightness cut of
10−16erg s−1cm−2arcsec−2 and the [O III] luminosity is measured from the AGN region of each galaxy with dust extinction corrected.
The data from the AGN candidates in this study are shown in blue circles with 1σ error bars, the undetected galaxies are labeled by
upper limits. We also plot the data measured from Seyfert galaxies (Fraquelli et al. 2003; Bennert et al. 2006a,b), luminous quasars
(Greene et al. 2011; Liu et al. 2013, 2014) and high redshift faint AGN (Law et al. 2018). But only the IFU data from Liu et al. (2013)
and Liu et al. (2014) are included in the fitting. Our best linear fit results in a slope of 0.42 ± 0.02 (black solid line), with the 95%
confidence level in light magenta shadow. If only our data is used, the derived slope is 0.49± 0.04 (black dotted line).
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Figure 7. Similar to Fig. 6, but the luminosities have changed
to L8µm. The fitting has a slope of 0.36±0.03 (black solid line) if
all the data is used and a slope of 0.37± 0.05 (black dotted line)
if only our data is used.
used to estimate the star-formation contribution to the IR
luminosity, but only a tiny fraction of our sample has far
infrared photometry which makes it hard to get a reliable
correction.
For the more recent works, Sun et al. (2018) proposed a
new method to acquire large samples of AGN with extended
[O III] maps. Their [O III] maps were reconstructed from the
broad band-images by carefully subtracting the continua,
and the extended sizes were defined by the area with a sur-
face brightness larger than 3× 10−15erg s−1cm−2arcsec−2.
They found a similar slope as Liu et al. (2014) but with
a large scatter. Fischer et al. (2018) updated the results of
Schmitt et al. (2003b) with 12 new QSOs and obtained a
slope of 0.42, which is close to our results. In addition, our
results are compatible with Husemann et al. (2014) and Bae
et al. (2017) who used the flux weighted size.
At the high luminosity end of the size-luminosity rela-
tion, a flattening in slope has been observed (Netzer et al.
2004; Hainline et al. 2013, 2014; Liu et al. 2014), which is
usually interpreted as a maximum size of the ENLR. Be-
yond that radius, the column density may be too low to
support [O III] emission (Stern et al. 2016) or photons are
mostly obscured by the inner clouds (Dempsey & Zakamska
2018). Since we focused on low luminosity objects with a
lower surface brightness cutoff, our results are not sensitive
to this upper size limit.
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Figure 8. Model predictions of Dempsey & Zakamska (2018) are
superimposed on our data points. The black line shows the best
fitting model, with cloud mass of 107M and a covering factor of
Ω = 3× 10−3. Other lines are the models with ±1 dex variation
in the free parameters. Higher cloud mass (mc) models are shown
in blue as clouds mass change from 106M to 108M with colors
change from orange to blue. Higher covering factor (Ω) models are
shown in thicker lines as covering factor changes from 3 × 10−4
to 3× 10−2 with lines change from dotted to solid.
5 DISCUSSION
In the standard ionization model, the dimensionless ioniza-
tion parameter is defined as the ratio between the ionizing
photon density and electron density: U = Q(H0)/4pir
2cne,
where Q(H0) is the recombination number of hydrogen
which is equal to ionizing photons for gas cloud at photoion-
ization equilibrium (Osterbrock & Ferland 2006). Based on
the assumption that the ionization parameter and electron
density both remain constant along the ENLR, Q is pro-
portional to luminosity, which results in r ∝ L0.5 (Bennert
et al. 2002; Liu et al. 2013; Hainline et al. 2013; Liu et al.
2014). The scenario has been questioned before as some ob-
servations appeared to be in conflict with it (Schmitt et al.
2003a; Greene et al. 2011; Liu et al. 2013), but our result
over a large dynamic range of the AGN luminosity do not
rule out the homogeneous gas model. Recently, Dempsey
& Zakamska (2018) proposed a more detailed model of the
ENLR. They modeled the (E)NLR as a collection of clouds
in pressure equilibrium with the ionizing radiation and the
emission line strength like [O III] is calculated by Cloudy
(Ferland et al. 1998; Stern et al. 2014). By assuming a cloud
distribution nc ∝ r−2, they predicted a slope of 0.45 for the
size-luminosity of ENLR when using a surface brightness cut
of 10−15erg s−1cm−2arcsec−2. If the surface brightness cut
at 10−16erg s−1cm−2arcsec−2 is adapted, the model fits our
data well as shown in Fig. 8. The model takes the masses of
clouds (mc) and their covering factor (Ω) as free parameters.
A cloud mass of 107M with a covering factor of 3 × 10−3
fits our data well as the black solid line in Fig. 7. Thus,
our data also supports the hypothesis that the ENLR con-
sists of a population of photoionized gas clouds which are
sufficiently rarefied to be easily ionized by the central AGN
source.
It is widely believed that outflows are prevalent in AGN
(Harrison et al. 2014; Woo et al. 2016), and that they can
either clear out the ambient gas in the host or compress it at
larger distance. Lots of debates have focused on whether or
not AGN outflows can suppress star formation of host galax-
ies (Shi et al. 2009; Zhang et al. 2016; Zubovas & Bourne
2017; Harrison 2017; Harrison et al. 2018; Bing et al. 2018;
Gallagher et al. 2019), even for the low luminous AGN (Che-
ung et al. 2016; Penny et al. 2018). AGN outflows may also
affect the extension of the ENLRs by changing the distri-
bution of the gas and dust (Liu et al. 2014; Dempsey &
Zakamska 2018). However, there may be a significant dif-
ference between the extent of the outflow and the extent of
the ENLR. Based on the decomposition of [O III] kinemat-
ics, the non-gravitational outflow can be spatially separated
in some luminous Seyfert galaxies, and most of them are
smaller than the ENLR (Karouzos et al. 2016a,b; Kang &
Woo 2018; Fischer et al. 2018). Since the effective radius of
an outflow is limited by its energy or momentum, it typically
may not reach the size of the ENLR.
Radio-loud AGN can launch powerful jets that survive
as conical structures when the jets interact with gas in the
ENLR (Baum et al. 1992; Humphrey et al. 2006) and the
synchrotron radiation produced by jets make them lumi-
nous in the radio band (Sikora et al. 2007; Netzer 2013).
An ENLR caused by this effect was the first to be observed
since they tend to be highly extended (Boroson et al. 1985;
Unger et al. 1987).To pick out the radio-loud galaxies, We
match our AGN candidates with the Faint Images of the Ra-
dio Sky at Twenty-cm (FIRST) survey (Becker et al. 1995)
to get the radio luminosity at 22cm. Following the typical
power-law spectral energy distribution with α = 0.5, we ex-
trapolated to obtain the Lv(5 GHz). The radio-loud AGN
who most likely possess relatively strong jets are selected by
the “radio loudness” R = Lv(5 GHz)/Lv(4400A˚) > 10 (Net-
zer 2013). We only found nine radio-loud AGN and seven of
them show a compact radio core from the FIRST radio im-
age. Even though 5/9 galaxies show asymmetrical ENLRs,
all of them follow the overall log-linear relation between the
luminosity and size of ENLRs. Both the number of radio-
loud AGN in our sample and their ENLR sizes These results
suggest that the jets may not be the main trigger of ENLR
thus have limited influence on the global size-luminosity re-
lation of ENLR.
6 CONCLUSIONS
In this work, an IFU-based emission line diagnostics is used
to identify the ENLRs and a sample of 152 AGN candi-
dates have been found in MaNGA internal data release of
MPL-8 with the ENLR features. Most of the candidates are
low-luminosity Seyferts but span about three orders of mag-
nitude in the AGN [O III] luminosity. The key points of this
work are listed as follows:
(i) Based on a surface brightness cut of
10−16erg s−1cm−2arcsec−2, we confirmed the log-linear
relation between size and luminosity of ENLR over four
orders of magnitude of the AGN [O III] luminosity including
high luminous quasars . The slope derived by the IFU data
is 0.42± 0.02, which is more consistent with the model that
the ENLR is filled by a population of photoionized clouds
(Dempsey & Zakamska 2018).
MNRAS 000, 1–?? (2019)
The spatial extension of extended narrow line regions in MaNGA AGN 9
(ii) Kinematic feedbacks have limited influence on the
global size-luminosity relation of ENLR in the low lumi-
nosity range, as the regions detected outflow mostly smaller
than the ENLRs and the radio-loud AGN do not show a
more extended ENLRs.
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Table 1. All the AGN candidates with extended narrow line region
plateifu ra dec z gPSF(FWHM) logL[O III] logL8µm logL1.4GHz R15 R16 resolved radio loudness
degree degree arcsec erg/s erg/s erg/s (kpc) (kpc)
7495-1902 205.044769 26.841041 0.0318073 2.32 39.66±0.29 41.84 nan nan 3.04±0.06 False 0.00
7815-6104 319.193099 11.043741 0.0806967 2.41 42.62±0.25 43.60 38.64 6.51±0.85 9.01±0.90 True 1.81
7991-6104 258.827410 57.658770 0.0282021 2.40 40.61±0.25 42.34 nan nan 3.26±0.23 False 0.00
7991-3702 258.158752 57.322421 0.0266298 2.40 40.43±0.25 42.39 nan 0.43±0.32 1.15±0.31 True 0.00
8132-6101 111.733682 41.026691 0.129403 2.57 41.72±0.28 43.83 nan nan 3.87±0.20 False 0.00
8247-6101 136.089598 41.481729 0.0244671 2.72 39.93±0.41 42.31 37.34 nan 1.07±0.27 True 0.33
8137-3702 115.368720 44.408794 0.131997 3.01 42.00±0.25 43.90 nan 1.38±1.45 10.35±1.59 True 0.00
8141-1901 117.472421 45.248483 0.0312591 2.61 40.97±0.24 42.36 nan 0.93±0.36 2.94±0.38 True 0.00
8143-6101 121.014201 40.802613 0.126168 2.52 42.12±0.26 43.79 39.75 5.34±1.35 9.94±3.74 True 8.27
8256-12704 166.129408 42.624554 0.12611 2.43 41.84±0.24 43.46 38.98 2.27±1.41 5.77±1.36 True 1.22
8249-3704 137.874763 45.468320 0.0268253 2.52 40.88±0.32 42.94 37.88 0.86±0.36 2.76±1.12 True 2.26
8319-12705 202.128436 47.714038 0.0607597 2.54 40.62±0.46 43.07 nan nan 3.52±0.48 False 0.00
8341-12704 189.213253 45.651170 0.030345 2.56 40.88±0.52 42.83 38.00 0.06±0.19 1.35±0.57 True 0.49
8439-6104 143.510355 50.027486 0.0378229 2.47 40.77±0.28 42.97 38.53 0.58±0.82 2.04±0.83 True 1.92
8452-1901 155.885556 46.057755 0.0257723 2.52 40.04±0.25 41.66 nan nan 1.12±0.28 True 0.00
8483-12703 245.248314 49.001777 0.0582143 2.42 40.20±46.90 42.40 nan nan 1.51±0.60 True 0.00
8482-12704 243.581821 50.465611 0.0602584 2.44 40.82±10.38 42.93 39.99 0.48±0.62 2.14±0.62 True 24.95
8549-12701 240.470871 45.351940 0.0420468 2.36 41.13±0.32 42.94 38.31 1.02±0.47 2.47±0.47 True 1.13
8465-12704 198.141843 48.366614 0.0558079 2.42 41.07±0.28 42.63 38.32 0.44±0.63 9.05±6.09 True 2.06
8552-12701 226.431661 44.404902 0.0283402 2.59 40.48±0.55 43.06 nan 0.27±0.46 3.20±2.70 True 0.00
8552-9102 229.308914 44.018031 0.12226 2.57 40.46±0.27 43.28 nan nan 3.46±0.41 False 0.00
8318-3704 197.891834 44.933078 0.0247632 2.38 40.25±0.27 42.31 37.78 0.37±0.29 1.05±0.29 True 1.41
8318-6102 197.239319 45.905447 0.12908 2.35 41.78±0.27 43.51 39.87 2.43±1.51 8.32±1.46 True 11.83
8464-6101 186.180997 44.410771 0.125582 2.48 42.54±0.24 44.14 39.62 5.23±1.38 8.28±1.64 True 8.35
8320-3704 206.612456 22.076742 0.0275673 2.38 40.23±0.32 41.79 nan nan 3.17±0.18 False 0.00
8550-3704 248.426386 39.185120 0.0298414 2.50 40.39±0.29 42.23 37.48 nan 3.24±0.21 False 0.43
8606-12701 255.029870 37.839502 0.0633343 2.58 40.95±0.31 43.04 nan nan 1.55±1.14 True 0.00
8314-3704 243.155037 39.419024 0.0321959 2.37 39.85±0.26 42.37 nan nan 1.12±0.36 True 0.00
8611-3704 262.996722 59.971638 0.0291196 2.54 40.13±0.38 42.22 37.42 nan 3.19±0.17 False 0.67
7992-9102 254.542084 62.415648 0.119399 2.54 41.69±0.29 43.41 38.78 2.58±2.02 6.90±3.02 True 1.30
8603-6101 247.159333 39.551266 0.0311758 2.62 39.76±0.26 42.65 39.80 nan 0.93±0.39 True 20.48
8612-12704 254.564575 39.391464 0.0343116 2.52 41.68±0.25 43.06 38.13 nan 3.67±0.37 False 1.10
8588-12704 249.557306 40.146821 0.030363 2.51 40.71±0.31 42.90 37.53 0.41±0.52 1.83±0.93 True 0.28
8602-12701 247.048171 39.821898 0.0267882 2.54 40.27±0.29 42.37 37.24 0.27±0.30 1.36±0.29 True 0.13
8077-6103 39.446587 0.405085 0.0473019 2.59 40.53±0.42 42.46 nan nan 3.41±0.31 False 0.00
8147-6102 118.627843 25.815986 0.0631476 2.67 40.38±0.39 43.11 nan nan 3.41±0.00 False 0.00
8146-12705 118.053214 28.772580 0.0636542 2.46 40.18±0.32 42.57 nan nan 1.31±0.65 True 0.00
8084-6103 50.741676 0.054137 0.035737 2.53 40.03±0.38 42.68 37.68 nan 3.24±0.25 False 0.96
8718-12702 120.700706 45.034554 0.038928 2.49 41.03±0.38 43.00 38.17 nan 3.46±0.44 False 0.83
8718-12701 119.182152 44.856709 0.04992 2.45 40.87±0.32 42.68 nan nan 3.48±0.40 False 0.00
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Table 1 – continued
plateifu ra dec z gPSF(FWHM) logL[O III] logL8µm logL1.4GHz R15 R16 resolved radio loudness
degree degree arcsec erg/s erg/s erg/s (kpc) (kpc)
8725-9102 127.178094 45.742555 0.049053 2.63 41.12±0.34 42.97 nan nan 3.50±0.30 False 0.00
10001-6102 132.653992 57.359668 0.0261046 2.59 40.86±0.31 42.80 37.56 0.38±0.38 3.68±1.87 True 0.47
8715-3702 119.920672 50.839973 0.0543641 2.60 42.50±0.22 43.96 39.66 3.46±0.71 7.67±1.09 True 33.51
8255-6101 166.509879 43.173473 0.0584258 2.66 40.85±0.38 42.76 38.50 0.69±0.77 1.91±0.64 True 1.94
8241-9102 127.170800 17.581400 0.0665263 2.44 41.13±0.32 43.32 38.80 0.49±1.68 6.22±5.11 True 3.62
8241-6102 126.059633 17.331951 0.0372518 2.52 41.48±0.45 43.78 38.65 nan 3.45±0.32 False 2.10
8720-1901 121.147928 50.708556 0.0227214 2.43 40.51±0.25 41.52 nan 0.62±0.26 2.21±0.29 True 0.00
8547-12701 217.629971 52.707159 0.0448811 2.55 41.37±0.30 43.43 38.46 1.61±0.49 2.64±0.65 True 1.17
8978-12705 249.558611 41.938810 0.0286035 2.42 39.98±0.71 42.83 nan nan 1.57±0.75 True 0.00
8978-6102 249.371986 40.879947 0.0263847 2.44 38.72±16.91 42.61 37.44 nan nan True 0.65
8978-9101 247.907996 41.493643 0.0303346 2.51 39.98±0.51 42.45 nan nan 3.18±0.22 False 0.00
8979-6102 241.823389 41.403604 0.0346392 2.28 40.04±0.33 42.58 nan nan 0.80±0.49 True 0.00
8948-12704 167.306020 49.519432 0.0724271 2.42 41.11±0.33 43.32 38.60 nan 3.59±0.28 False 1.41
8946-3701 168.957727 46.319564 0.0532814 2.40 40.90±0.26 42.97 nan nan 3.48±0.25 False 0.00
8947-3701 168.947800 50.401634 0.0473068 2.34 40.97±0.25 43.14 nan 0.83±0.54 1.86±0.59 True 0.00
8945-3703 173.911234 47.515520 0.045503 2.66 40.26±1.44 42.55 nan nan 1.06±0.91 True 0.00
8597-3703 224.749647 48.409855 0.0358627 2.48 40.30±0.32 42.66 38.25 nan 3.37±0.44 False 0.90
9026-9101 249.318419 44.418230 0.0314197 2.56 40.91±0.29 42.82 37.88 nan 3.37±0.35 False 0.36
9049-1901 247.560973 26.206474 0.131457 2.47 42.06±0.41 44.49 39.65 4.36±1.36 6.77±1.85 True 8.35
9002-12702 222.810069 30.692246 0.0547198 2.47 40.25±nan 42.83 nan nan 3.50±0.63 False 0.00
9031-1902 241.029075 44.549765 0.0429606 2.68 40.72±0.27 42.71 nan 0.54±0.50 2.13±0.52 True 0.00
9027-12704 245.346647 32.349014 0.034659 2.38 41.13±0.25 42.90 37.93 0.90±0.37 2.11±0.37 True 0.72
8982-3703 203.190094 26.580376 0.0470053 2.43 41.57±0.24 43.03 39.17 1.21±0.58 2.34±1.04 True 49.44
7972-6103 315.831306 10.944169 0.0431534 2.55 40.59±1.17 42.71 39.54 0.15±0.43 1.69±0.50 True 20.07
9025-12704 246.050764 30.162261 0.0482447 2.46 40.62±0.31 42.70 nan 0.28±0.53 2.37±0.59 True 0.00
7958-9101 258.495841 33.607137 0.0386619 2.44 40.64±0.29 42.66 38.11 0.58±0.51 2.41±1.33 True 4.74
9195-3703 29.052229 14.906639 0.026913 2.58 41.18±0.33 43.04 nan nan 3.41±0.43 False 0.00
8080-12703 49.487801 -0.169101 0.0227967 2.60 39.99±0.44 42.90 38.44 nan 1.94±1.52 True 1.42
9182-6102 119.486337 39.993365 0.0657771 2.36 41.59±0.23 43.35 40.15 nan 3.63±0.44 False 66.91
9193-12701 45.954624 -1.103750 0.0136253 2.47 40.84±0.23 43.34 36.93 0.83±0.15 2.01±0.18 True 0.16
8940-12702 120.087418 26.613527 0.0267379 2.56 41.56±0.25 43.49 37.84 0.60±0.40 3.30±0.66 True 0.30
9183-3703 121.920806 39.004239 0.0233453 2.73 41.04±0.23 43.32 38.20 0.43±0.26 2.18±0.27 True 1.66
8993-12705 165.391531 45.653868 0.0294089 2.53 41.96±0.30 43.38 38.40 1.71±0.32 3.47±0.46 True 1.02
8992-3702 171.657262 51.573041 0.0264158 2.68 40.21±0.29 42.41 nan nan 0.58±0.55 True 0.00
9485-12705 121.779937 36.233479 0.0323135 2.48 41.25±0.33 43.88 nan nan 3.38±1.38 False 0.00
9487-3702 123.330544 46.147157 0.053819 2.42 40.90±0.24 42.92 nan nan 3.48±0.30 False 0.00
8989-3703 177.440360 50.527016 0.026442 2.45 40.77±0.25 42.80 nan 0.19±0.32 0.94±0.37 True 0.00
8984-9102 203.850240 27.911890 0.0268301 2.38 39.98±0.44 42.29 nan nan 0.86±0.29 True 0.00
8983-12701 203.830208 26.424781 0.0253738 2.58 40.46±0.28 42.49 nan 0.35±0.47 0.78±0.46 True 0.00
8311-6104 205.282731 23.282055 0.0263526 2.70 41.46±0.33 43.48 38.87 nan 3.33±0.10 False 5.39
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Table 1 – continued
plateifu ra dec z gPSF(FWHM) logL[O III] logL8µm logL1.4GHz R15 R16 resolved radio loudness
degree degree arcsec erg/s erg/s erg/s (kpc) (kpc)
8309-12701 208.289083 51.812501 0.067572 2.46 40.91±0.42 43.29 38.49 nan 3.54±0.33 False 1.56
9507-12704 129.600037 25.754501 0.0181814 2.50 40.71±0.32 43.43 38.99 nan 3.15±0.20 False 8.42
9507-12705 129.520694 25.329505 0.0281762 2.50 40.67±0.27 42.60 nan 0.82±0.33 1.49±0.36 True 0.00
9508-12704 127.105954 26.397370 0.0808831 2.29 40.98±0.43 43.47 38.73 nan 3.58±0.24 False 1.52
9508-3704 127.107818 25.014635 0.0287366 2.38 40.73±0.29 42.54 nan nan 3.29±0.27 False 0.00
9024-12705 223.867459 32.840028 0.0601609 2.39 40.89±0.40 43.24 38.68 0.18±0.48 1.96±1.33 True 1.03
9488-3702 126.216411 20.991216 0.0228872 2.36 39.62±0.28 41.98 nan nan 0.39±0.38 True 0.00
9502-9101 128.341931 25.104925 0.0866 2.41 40.40±140.78 43.11 39.11 nan 3.65±1.02 False 2.91
9502-12703 129.545574 24.895295 0.0286559 2.46 41.93±0.26 43.17 39.22 nan 3.38±0.25 False 7.59
9511-12704 129.312117 4.695876 0.0469711 2.44 40.97±0.32 42.86 nan nan 3.47±0.40 False 0.00
9511-6104 129.362363 3.955690 0.0470113 2.46 40.07±0.31 42.45 37.79 nan 3.27±0.25 False 1.11
8990-12705 173.537567 49.254562 0.037232 2.33 41.01±0.25 42.39 nan 0.75±0.43 2.93±0.60 True 0.00
8990-9101 173.933151 49.037649 0.0296172 2.37 39.65±0.42 42.71 38.03 nan 0.52±0.56 True 2.18
8442-9102 200.222837 32.190761 0.0230284 2.49 40.58±0.28 42.42 nan nan 3.22±0.23 False 0.00
9048-1902 246.255977 24.263156 0.0503021 2.55 41.61±0.23 43.12 37.99 0.40±0.63 2.65±0.59 True 1.02
9095-12701 241.913639 23.416866 0.0874596 2.36 40.82±0.43 43.40 nan nan 3.57±0.02 False 0.00
9196-12703 262.399283 54.494424 0.0818576 2.58 41.11±0.34 43.69 38.66 nan 3.64±0.35 False 1.30
9881-1901 204.806913 24.893076 0.0282062 2.53 39.79±0.32 41.81 nan nan 0.61±0.37 True 0.00
9883-12701 255.523309 31.797429 0.0650401 2.41 40.94±0.26 42.83 38.24 0.85±0.81 2.37±0.79 True 0.86
9888-12701 235.475823 28.133979 0.0332197 2.56 40.70±0.28 42.61 38.16 0.52±0.39 2.98±0.52 True 0.60
9893-6102 256.196769 24.583993 0.0425203 2.52 39.06±74.36 42.54 nan nan nan True 0.00
8656-12705 7.387001 -1.095700 0.0585413 2.45 40.72±0.46 43.45 38.77 nan 3.87±0.60 True 1.77
8656-12702 7.085553 -0.217869 0.0612581 2.49 40.28±0.38 42.98 nan nan 3.40±0.40 False 0.00
9498-3703 120.016894 23.437849 0.0291978 2.71 40.95±0.25 42.68 38.22 nan 1.07±0.45 True 2.12
10216-3704 117.239526 17.577121 0.0286623 2.75 40.25±0.26 42.37 38.15 0.34±0.42 1.01±0.39 True 1.61
10216-12704 118.162300 18.321606 0.0449364 2.65 41.39±0.29 42.85 38.81 0.41±0.56 12.25±4.03 True 2.51
10218-1902 119.207582 17.380303 0.0364051 2.34 40.57±0.28 42.67 nan nan 3.36±0.86 False 0.00
10221-6104 124.698298 24.537430 0.024877 2.59 39.73±0.28 42.11 nan nan 1.09±0.49 True 0.00
9503-12701 119.972832 23.390083 0.029143 2.47 41.06±0.34 43.77 38.68 nan 3.38±0.38 False 2.17
9503-6102 120.996684 23.755667 0.0293812 2.47 41.22±0.27 42.66 37.75 nan 3.34±0.27 False 0.68
9503-3704 121.037072 24.558611 0.0438319 2.41 40.19±0.37 42.48 nan nan 3.27±0.06 False 0.00
9499-12703 118.423230 26.492699 0.0374233 2.92 40.24±0.32 42.84 nan nan 3.31±0.24 False 0.00
9499-6104 120.082382 26.701442 0.0278268 2.91 40.97±0.30 43.07 37.86 0.99±0.33 2.11±0.34 True 0.66
9499-6101 118.071091 25.669081 0.0453547 2.96 40.58±0.31 42.52 nan nan 3.44±0.40 False 0.00
10215-1902 123.857378 37.340519 0.0397304 2.25 40.18±0.30 42.27 nan nan 1.10±0.61 True 0.00
9495-1901 122.938744 23.473828 0.015734 2.47 39.57±0.27 41.20 nan nan 2.90±0.09 False 0.00
8723-6104 130.407776 54.918571 0.044562 2.29 40.65±41.29 43.48 nan nan nan False 0.00
9489-6104 126.084373 20.533242 0.0199314 2.42 40.41±0.35 42.31 nan nan 3.08±0.07 False 0.00
8998-12705 163.663838 47.862282 0.0728894 2.65 41.08±0.31 43.47 nan nan 3.63±0.20 False 0.00
8981-6104 187.419144 36.199417 0.0717308 2.54 41.10±0.34 42.90 nan nan 3.60±0.38 False 0.00
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Table 1 – continued
plateifu ra dec z gPSF(FWHM) logL[O III] logL8µm logL1.4GHz R15 R16 resolved radio loudness
degree degree arcsec erg/s erg/s erg/s (kpc) (kpc)
8988-6102 186.251194 40.157312 0.0735606 2.51 40.99±0.39 43.38 39.24 nan 3.65±0.80 False 4.35
10514-12705 144.628220 2.573280 0.0234383 2.52 40.24±0.36 42.54 nan 0.17±0.26 1.20±0.26 True 0.00
10514-9102 145.151611 3.577021 0.0164514 2.44 41.14±0.27 42.89 37.63 nan 3.10±0.09 False 0.40
10510-12704 179.117267 55.125209 0.00371352 2.53 39.76±0.24 41.85 36.22 0.17±0.04 0.42±0.09 True 0.10
10510-6103 177.778667 55.078717 0.0194702 2.57 40.82±0.29 42.91 38.02 nan 3.23±0.28 False 0.59
10493-3704 126.015364 51.904331 0.0314512 2.52 41.06±0.24 42.59 37.33 0.62±0.35 1.65±0.36 True 0.73
9884-3704 206.669999 52.476814 0.0291777 2.47 41.17±0.24 42.51 37.51 1.03±0.31 2.24±0.34 True 0.37
10494-12701 126.358456 53.968934 0.0641308 2.18 41.17±0.28 42.99 nan nan 3.84±1.51 False 0.00
10508-12703 184.652029 51.414732 0.0471993 2.72 41.29±0.28 43.21 nan 1.09±0.53 2.30±0.69 True 0.00
10508-6101 183.371990 50.741529 0.0307574 2.76 40.59±0.25 42.87 39.48 0.19±0.43 2.30±0.90 True 12.15
10492-12702 124.064090 57.530542 0.0271824 2.75 40.21±0.35 42.47 nan nan 0.04±0.06 True 0.00
10492-6103 122.972981 57.951893 0.0277501 2.75 41.66±0.24 43.33 38.48 1.69±0.30 3.04±1.47 True 5.81
9882-9102 207.608226 23.456934 0.0557381 2.59 40.95±0.27 42.58 nan nan 2.73±1.14 True 0.00
9882-3701 206.626565 23.097190 0.0299905 2.61 39.95±0.34 42.44 37.44 nan 0.53±0.59 True 0.25
10503-12703 160.228870 5.991890 0.0276125 2.47 40.79±0.47 43.02 38.53 0.76±0.37 6.74±1.50 True 3.12
9091-3704 241.944669 25.537511 0.0406597 2.36 41.39±0.28 42.92 38.08 1.90±0.72 3.31±2.05 True 3.42
9091-12703 240.044496 27.605140 0.03303 2.42 40.64±0.42 42.47 nan nan 3.27±0.16 False 0.00
8337-1901 214.096447 38.190986 0.134659 2.35 41.70±0.34 43.82 39.23 0.51±12.60 3.79±2.71 True 4.63
9885-3703 241.152724 23.663184 0.031032 2.34 40.48±0.27 42.61 nan nan 3.23±0.09 False 0.00
8334-3703 213.230230 39.312652 0.0250682 2.50 39.67±0.60 42.12 nan nan 1.60±1.63 True 0.00
8260-1901 182.253728 42.475257 0.02364 2.35 40.08±0.42 41.30 nan nan 3.08±0.10 False 0.00
9892-3703 248.383907 24.984722 0.0594202 2.46 41.34±0.28 43.04 nan 1.05±0.66 2.59±0.77 True 0.00
8324-6104 198.958904 46.338830 0.0573434 2.39 41.14±0.28 43.38 38.82 0.50±0.87 11.87±12.49 True 4.11
8614-12703 258.118529 35.884086 0.026418 2.63 41.00±0.30 42.88 nan nan 3.31±0.24 False 0.00
8614-3703 257.001371 36.344421 0.0362362 2.62 40.65±0.26 42.77 38.48 0.37±0.47 1.80±0.41 True 2.40
9092-1902 240.779508 24.523990 0.0466923 2.33 41.16±0.28 43.16 38.12 nan 3.56±0.62 False 1.75
9032-12701 240.475078 31.892062 0.0449613 2.47 41.47±0.32 43.11 nan 1.13±1.34 3.78±2.34 True 0.00
9032-12702 241.452770 30.717059 0.0553885 2.42 41.16±0.28 42.63 nan nan 2.43±0.69 True 0.00
8593-12705 226.937461 51.452832 0.0459164 2.75 41.77±0.45 43.34 38.31 2.80±0.57 12.74±2.02 True 0.74
9090-9102 243.073394 28.429551 0.0531379 2.62 40.39±0.40 42.82 39.87 nan 3.44±0.46 False 25.73
9090-3701 241.717361 27.927542 0.0460252 2.60 41.39±0.27 43.57 38.29 nan 3.54±0.43 False 1.49
8651-1902 313.902141 -0.636586 0.0535281 2.48 41.45±0.25 43.11 39.14 nan 3.35±0.52 False 6.71
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